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Traditional global risk assessment for cardiovascular disease fails to identify a significant
percentage of the population initially classified at low or intermediate risk of cardiovascu-
lar disease that are actually at high risk for acute coronary syndrome (ACS). We exam-
ined a coronary artery disease predictive algorithm (CADPA) that includes 9 biomarkers
involved in the pathogenesis of atherosclerosis initiated by endothelial damage and repair
(hepatocyte growth factor, soluble FAS, Fas ligand, eotaxin, cutaneous T cell-attracting
chemokine, monocyte chemotactic protein-3, interleukin-16, hemoglobin Alc, high-den-
sity lipoprotein-cholesterol), in addition to age, gender, diabetes, and family history of
myocardial infarction that more accurately predicts 5-year risk of ACS to identify the
patient population at discordantly high risk. We found that 34 % of patients at low risk by
global risk assessment and 72% of patients at intermediate risk by global risk assessment
were actually at discordantly high risk for ACS. This patient population was dispropor-
tionately male and older in age. The biomarkers (per standard deviation) that most pre-
dicted the odds (95% confidence levels) of discordance were interleukin-16 (2.59 [2.21 to
3.03]), Fas Ligand (0.50 [0.43 to 0.57]), hepatocyte growth factor (1.72 [1.50 to 1.98]), solu-
ble FAS (2.19 [1.86 to 2.58]), cutaneous T cell-attracting chemokine (0.46 [0.40 to 0.53]),
and eotaxin (1.78 [1.56 to 2.03]), in addition to age, HbA1c, low-density lipoprotein-choles-
terol, and glycated hemoglobin. In conclusion, although future prospective study valida-
tion is needed to establish a causal relation between CADPA and cardiovascular events,
our study defines a patient population considered low to intermediate risk by conventional
clinical evaluation, but who is at discordantly high risk indicated by the endothelial injury
serum biomarker algorithm CADPA and may benefit from further evaluation and

medical management. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol

2019;123:769-775)

Atherosclerotic cardiovascular disease has significant
morbidity and mortality. Previous studies have shown both
prevalence and risk assessment of coronary events to be
underestimated.'~ Despite recent advancements, recogniz-
ing patients with subclinical disease at high risk for
experiencing a coronary event is a challenge due to its
inherently unpredictable nature.” Additionally, studies sug-
gest that the risk of plaque disruption that results in acute
coronary syndromes (ACS) depends more on plaque com-
position than degree of stenosis.” We examined in this
study whether a novel multibiomarker based coronary
artery disease predictive algorithm (CADPA) that measures
endothelial damage would identify persons at high risk for
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ACS that were identified at low to intermediate risk based
on global risk assessment.

Methods

A total of 6,298 patients (aged 23 to 104, 43% women)
without known cardiovascular disease were selected from a
clinical registry of patients seen by multiple physician spe-
cialties throughout the United States. The patients filled out
a study questionnaire to collect data on current hyperten-
sion and lipid-lowering medications, family history of car-
diovascular disease, smoking status, and the presence of
significant stress in their lives. A single blood pressure mea-
surement was taken using a manual blood pressure cuff in
the clinic. Blood was drawn to measure routine fasting car-
diovascular labs, including hemoglobin Alc, lipid panel,
and the biomarkers used for CADPA, discussed below.
Other blood markers were also measured including apolipo-
protein Al, apolipoprotein B, lipoprotein a, high sensitivity
C-reactive protein, which are not part of the CADPA test.
Using these data, a global 5-year cardiovascular risk by
modified Framingham risk (mFR) assessment and the
CADPA 5-year risk of ACS were measured.’

The CADPA risk assessment tool (GD Biosciences, Irvine,
California) was developed using gene expression studies that
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Table 1
List of biomarkers and their physiologic function in cardiac lesions

Biomarker Relation to endothelial damage and

unstable cardiac lesions

Measures formation

Cutaneous T cell-attracting Recruits T-cells to the injured site

chemokine (modulates repair and
inflammation)
Eotaxin Recruits eosinophils to the site of

injury (remove fibrin)
Initiates the repair and inflammation
process (cell signaling)
Monocyte chemotactic protein-3 Recruits and activates macrophages
to the site of injury (foam cells)

Interleukin-16

Measures progression
Fas ligand Prevents programmed cell death
(apoptosis)

Tissue repair and angiogenesis

Initiates programmed cell death
(apoptosis)

Stimulates tissue and repair

Hepatocyte growth factor
Soluble FAS

Measures clinical risk factors
High-density lipoprotein-
cholesterol
Hemoglobin Alc

Helps remove bad cholesterol and
neutralizes free radicals
Diabetes marker

These biomarkers reflect the underlying pathways of unstable cardiac
lesion formation and progression. They are grouped by their role in mea-
suring formation, measuring progression, or measuring clinical risk factors.

identified over 250 proteins from approximately 10 pathways
expressed in mice with unstable coronary lesions. From these,
45 clinically measurable serum biomarkers that are also
expressed in humans with coronary disease were selected by
univariate analysis to predict ACS in a 5-year timeframe.”’
These unique biomarkers associated with endothelial injury
and repair were tested together with currently available bio-
markers, such as high sensitivity C-reactive protein and mye-
loperoxidase, as well as global risk factors such as age, gender,
and blood pressure in various permutations, using a forward
selection method. Optimum algorithm size was determined
by 3 statistical systems including Akaike, Bayesian, and
Drop-in Deviance methods. Fitting a weighted Cox propor-
tional hazards model to all data and restricting the number of
protein biomarkers yielded the final CADPA model that con-
tained 4 clinical factors along with the 9 protein biomarkers:
hepatocyte growth factor, soluble FAS, Fas ligand, eotaxin,
cutaneous T cell-attracting chemokine, monocyte chemotac-
tic protein-3, interleukin- 16, high-density lipoprotein-choles-
terol, and hemoglobin Alc. Additional information about
these biomarkers is shown in Table 1. Four global risk factors
(age, gender, diabetes, and family history of myocardial
infarction) were also selected to be a part of the clinical algo-
rithm to consistently predict ACS in 5 years. This biomarker
algorithm was then validated by the National Heart, Lung, and
Blood Institute in the Multiethnic Study of Atherosclerosis
population. This process is described in further detail in
Figure | andinaprevious study.’

Of the 6,298 patients in the original data set, 3,539 were
removed due to missing data. A total of 397 patients with
outliers and extreme values were also omitted from the final
cohort to maintain a bell-curve distribution, resulting in a

final cohort of 2,362 patients. All variables were individu-
ally standardized. Patients were characterized into low
(<3.5%), intermediate (3.5% to 7.49%), and high (>7.5%)
5-year risk for ACS based on the patient’s CADPA score.
These patients were also subdivided into 3 categories based
on low (<3.5%), intermediate (3.5% to 7.49%), and high
(>7.5%) of cardiovascular disease based on mFR. A sub-
group of patients was identified who scored low or interme-
diate risk on mFR and high risk on CADPA defined the
discordant group. Percentages of men versus women in the
discordant group were compared between the 3 mFR risk
groups.

Baseline characteristics including demographic, habits,
medical history, and lab data were compared between
CADPA risk categories with descriptive bivariate analysis
using both the Chi-square test of proportions for categorical
variables and analysis of variance for continuous variables.
These same variables were again compared between the
discordant and nondiscordant groups.

Stepwise logistic regression analysis was performed on
the discordant group with the following continuous varia-
bles: eotaxin, interleukin-16, soluble FAS, high-density
lipoprotein-cholesterol, monocyte chemotactic protein-3,
cutaneous T cell-attracting chemokine, hemoglobin Alc,
hepatocyte growth factor, Fas Ligand, age, apolioprotein
Al, apolipoprotein B, body mass index, high-density lipo-
protein-cholesterol, low density lipoprotein-cholesterol,
lipoprotein (a), triglycerides, systolic blood pressure, dia-
stolic blood pressure, and high sensitivity C-reactive pro-
tein. The following categorical variables were also entered
into the model: taking blood pressure medication, taking
lipid medication, diabetic status, family history of cardio-
vascular disease, gender, obesity, and currently smoking.
The stepwise logistic function had an entry cutoff of
p=0.15 and stay cutoff of p=0.15. SAS 9.0 statistical soft-
ware was used for all analyses.

There was greater than 80% power to detect differences
in discordance of 10% or greater (e.g., 50% vs 60%),
between risk groups with at least 400 subjects in each group
(with an alpha 2-tailed of 0.05) showing our sample sizes in
each risk group were sufficient to detect differences in dis-
cordance of at least 10%.

Results

The baseline characteristics of the study participants are
shown in Table 2. Overall 74%, 21%, and 5% of partici-
pants were classified as low, intermediate, and high risk by
the 5-year mFR global risk score. 29.3% were categorized
as low 5-year risk for ACS by CADPA, 26.7% were inter-
mediate risk, and 45% were high risk. A total of 43.7% of
low risk patients, 54.3% of intermediate patients, and
67.0% of high risk patients were men. The mean ages of
the 3 groups were 50.1, 61.0, and 69.8 years for low, inter-
mediate, and high risk, respectively. The mean age of our
population overall was 62 years, and 57% were men.
Table 3 compares the baseline characteristics of the
excluded patients with our final patient cohort. There were
slight, although statistically significant differences in most
risk factors between those included versus not included,
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Gene expression work
Identified over 250 proteins
expressed in mice and
humans in vulnerable
coronary plaque tissues

The 9 biomarker

algorithm predicts
who is atrisk for ACS
in a 5 year period

Validation: NHLBI applied the
9 biomarker assessment to a
second population MESA and
confirmed the findings

All three systems
confirmed 9 biomarkers

and 4 global risk
factors

Narrowed proteins by univariate
analysis and to those detectable in
serum by immunoassay, including
clinically used biomarkers like MPO,
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Three different statistical software
systems tested permutations of
biomarkers and global risk factors
to identify sub-clinical disease and
predict ACS

Figure 1. The process, development and validation of 9 serum biomarkers used in CADPA.
Abbreviations: ACS =acute coronary syndrome; hsCRP =high-sensitivity C-reactive protein; LP-PLA2 =lipoprotein-associated phospholipase A2;
MESA = multiethnic study of atherosclerosis; MPO = myeloperoxidase; NHLBI = National Heart, Lung, and Blood Institute.

with triglycerides and obesity being particularly lower in
included subjects.

Table 4 characterizes differences in those discordant
versus nondiscordant between CADPA and the mFR global
risk. Those discordant were older (mean age of 69.4 years

vs 56.5 years, p < 0.01) and more likely men (63.6% vs
52.3%, p < 0.01). Hemoglobin Alc was also lower (5.7%
vs 5.4%, p < 0.01) as was low-density lipoprotein-
cholesterol (99.5 mg/dl vs 112.3 mg/dl, p < 0.01) in those
discordant. Systolic blood pressure was higher in the

Table 2
Basic characteristics of the study cohort by CADPA Risk
Characteristics CADPA risk

Low (0% to 3.49%) Intermediate High (>7.5%) p value

(3.5% to 7.49%)

Number of patients 694 (29.3%) 606 (26.7%) 1062 (45.0%)
Age (years) 50.1 £10.6 61.0£99 69.8 +10.2 <0.01
Male 303 (43.7%) 329 (54.3%) 711 (67.0%) <0.01
Female 391 (56.3%) 277 (45.7%) 351 (33.1%) <0.01
Body mass index (kg/m?) 25.7+45 26.7 £ 4.6 27.5+4.6 <0.01
Hemoglobin Alc (%) 5305 54+0.6 57+£09 <0.01
Total cholesterol (mg/dl) 201.1 £37.9 196.0 +43.5 183.7+41.3 <0.01
Low-density lipoprotein-cholesterol (mg/dl) 1134 £31.6 109.3 £34.2 101.8 £32.1 <0.01
High-density lipoprotein-cholesterol (mg/dl) 65.7£16.8 635+ 159 60.5 + 14.8 <0.01
Triglycerides (mg/dl) 104.8 £70.4 108.5 £ 69.8 113.7£ 729 0.03
Lipid-lowering medication, currently taking 139 (20.1%) 213 (35.32)% 568 (53.74%) <0.01
Systolic blood pressure (mm Hg) 120.2 £ 15.7 125.8 £ 15.8 130.7 £ 17.3 <0.01
Diastolic blood pressure (mm Hg) 77.5+£10.0 78.0+£9.7 77.8 £10.5 0.63
Blood pressure medication, currently taking 130 (18.8%) 223 (36.9%) 594 (56.1%) <0.01
Family history of cardiovascular disease 157 (22.7%) 228 (37.8%) 511 (48.3%) <0.01
Obesity (body mass index > 30 kg/m2) 109 (15.7%) 121 (20.0%) 262 (24.8%) <0.01
Smoker, current 34 (4.9%) 31(5.12%) 66 (6.2%) 0.43
Presence of stress 229 (47.7%) 152 (40.5)% 229 (37.8%) <0.01

Data are presented as mean =+ standard deviation or number (percentage). CADPA risk is defined by percent risk of cardiovascular event in next 5 years.
Stress is defined as subjective, self-reported stress above and beyond normal for the patient.
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Table 3

Basic characteristics of the study cohort compared with excluded patients

Characteristics Included cohort Excluded cohort p value

Number of Patients 2362 (37.5%) 3936 (62.5%)

Age (years) 61.7+£13.2 59.3+16.2 <0.01

Male sex 1343 (56.9%) 2191 (55.7%) 0.36

Body mass index (kg/m?) 26.8 £4.6 27.6£5.7 <0.01

Hemoglobin Alc (%) 7.0+0.9 72+ 134 <0.01

Total Cholesterol (mg/dl) 192.0 £ 41.6 196.7 £ 48.7 <0.01

LDL Cholesterol (mg/dl) 107.1 £32.9 1059 +£37.0 0.23

HDL Cholesterol (mg/dl) 62.8 £ 15.8 62.7+£179 0.78

Triglycerides (mg/dl) 109.7 £71.5 1249 £ 130.0  <0.01

Lipid-lowering medication, 920 (39.1%) 1637 (44.2%) <0.01
currently taking

SBP (mm Hg) 1264 £ 17.0 128.5 £ 18.9 <0.01

DBP (mm Hg) 77.8 £10.1 788 £ 11.6 <0.01

Blood pressure medication, 947 (40.2%) 1672 (45.1%) <0.01
currently taking

Family history of 896 (38.1%) 1537 (41.2%) 0.02
cardiovascular disease

Obesity (body mass 492 (20.9%) 1011 (27.1%) <0.01
index >30 kg/m?)

Smoker, current 131 (5.6%) 247 (6.6%) 0.10

Presence of stress 652 (41.5%) 933 (43.8%) 0.17

Data are presented as mean =+ standard deviation or number (percent-
age). Stress is defined as subjective, self-reported stress above and beyond

normal for the patient.

discordant group (mean 129.4 mm Hg vs 124.3 mm Hg,
p < 0.01) and obesity less common (18.9% vs 23.8%, p <
0.01). Triglycerides and smoking status were not signifi-
cantly different between the discordant and the nondiscord-
ant groups, respectively.

120

High RIsk on CADPA (%)

Low

Table 4

Comparison of patient characteristics between the discordant and nondis-

cordant groups

Non discordant ~ Discordant p value
1403 (59.4%) 959 (40.6%)

Age (years) 56.5+12.3 69.4 +10.3 <0.01

Sex
Male 733 (52.3%) 610 (63.6%) <0.01
Female 670 (47.8%) 349 (36.4%) <0.01

Body mass index (kg/m?) 264 +£4.6 27447 <0.01

Hemoglobin Alc (%) 54+£0.6 57+£08 <0.01

Total cholesterol (mg/dL) 199.1 £ 40.6 181.6 £40.8 <0.01

Low-density-lipoprotein 1123 £32.9 99.5+31.4 <0.01
cholesterol (mg/dL)

High-density-lipoprotein 63.6 £ 16.5 61.6 +14.8 <0.01
cholesterol (mg/dL)

Triglycerides (mg/dL) 1103 £73.2 108.9 + 68.8 0.65

Lipid-lowering medication, 389 (27.8)% 531 (55.6%) <0.01
currently taking

Systolic blood pressure 1243 £17.0 129.4 + 16.6 <0.01
(mm Hg)

Diastolic blood pressure 78.2 £ 10.1 77.2 £ 10.1 0.02
(mm Hg)

Blood pressure medication, 420 (30.0%) 527 (55.1%) <0.01
currently taking

Family history of 427 (30.5%) 469 (49.1%) <0.01
cardiovascular disease

Obesity (body mass index 265 (18.92%) 227 (23.8%) <0.01
+30 kg/m?)

Smoker, current 79 (5.6%) 52 (5.4%) 0.83

Presence of stress 416 (44.0%) 236 (37.8%) 0.02

Data are presented as mean =+ standard deviation or number (percent-
age). CADPA risk is defined by percent risk of cardiovascular event in
next 5 years. Stress is defined as subjective, self-reported stress above and

beyond normal for the patient.

Intermediate

Global Risk Assessment (mFR) Risk Categories

100.0

High

B Male

M Female

Figure 2. Percentage of patients with high risk (>7.5%) on CADPA compared between the genders in low (<3.5%), intermediate (3.5% to 7.49%), and high

(>7.5%) global risk assessment (emFR) groups.
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Table 5

Stepwise multiple logistic regression of biomarkers demonstrating modi-

fied Framingham/CADPA discordance

Chi-squared Odds ratio (95% p value
confidence interval)

Step Variable

1 Age* 518.85  1.12(1.10—1.14) <0.01
2 Interleukin-16* 21590  2.59(2.21-3.03) <0.01
3 FasLigand* 112.60  0.50 (0.43—0.57) <0.01
4 Hepatocyte 98.22  1.72(1.50—1.98) <0.01
growth factor*
Soluble FAS* 76.94  2.19(1.86—2.58) <0.01
6 Cutaneous T 86.92  0.46 (0.40—0.53) <0.01
cell-attracting
chemokine*
7 Eotaxin* 69.64  1.78 (1.56—2.03) <0.01

8 Low-density-lipoprotein 46.75  0.99 (0.99—-0.99) <0.01
cholesterol
Hemoglobin Alc* 9.64

10 Systolic blood pressure 9.80

1.28 (1.12—1.46) <0.01
0.99 (0.98—1.00) <0.01

* Variables found in the CADPA algorithm.Other variables in the model
included monocyte chemotactic protein-3, triglycerides, body mass index,
and high sensitivity c-reactive protein, but did not achieve significance of
p <0.05. All odds ratios specified are per standard deviation for the vari-
able indicated: 13.18 for age, 74.39 for interleukin-16, 34.0 for Fas Ligand,
159.73 for hepatocyte growth factor, 2285.71 for soluble FAS, 154.90 for
cutaneous T cell-attracting chemokine, 74.43 for Eotaxin, 32.89 for low-
density lipoprotein-cholesterol, 0.79 for hemoglobin Alc, 17.01 for
systolic blood pressure.

Figure 2 further compares differences by gender in the
low, intermediate, and high-risk mFR groups in proportion
discordant by CADPA. A total of 34% of patients (36% of
men and 33% of women) classified as low risk by mFR and
72% of patients (75% of men and 51% of women) classified
as intermediate risk by mFR were classified as high risk by
CADPA. 95% of men and 100% of women classified as
high risk by mFR were also classified as high risk by
CADPA.

The stepwise logistic regression analysis of the discordant
subgroup is shown in Table 5. The 10 variables that were most
predictive of discordance are, in order of confidence by Chi-
squared value, age (1.12 [1.10 to 1.14]), interleukin-16 (2.59
[2.21 to 3.03]), Fas Ligand (0.50 [0.43 to 0.57]), hepatocyte
growth factor (1.72 [1.50 to 1.98]), soluble FAS (2.19 [1.86 to
2.58]), cutaneous T cell-attracting chemokine (0.46 [0.40 to
0.53]), eotaxin (1.78 [1.56 to 2.03]), low density lipoprotein-
cholesterol (0.99 [0.99 to 0.99]), hemoglobin Alc (1.28 [1.12
to 1.46]), and systolic blood pressure (0.99 [0.98 to 1.00]). All
10 of these variables achieved significant of p <0.05. Of these
10 variables, 8 were from the original CADPA algorithm: age,
interleukin-16, Fas Ligand, hepatocyte growth factor, soluble
FAS, cutaneous T cell-attracting chemokine, eotaxin, and
hemoglobin Alc. The non-CADPA variables that predicted
discordance include low-density lipoprotein-cholesterol and
systolic blood pressure. The CADPA variable that entered the
model but was excluded because it did not achieve significance
of p <0.05 is monocyte chemotactic protein-3. High-density
lipoprotein-cholesterol is a part of the CADPA test but was not
predictive of discordance. Non-CADPA variables that entered
the model but were excluded because they did not achieve sig-
nificance included triglycerides, body mass index, and high
sensitivity C-reactive protein.

Discussion

We show 34% of patients classified as low risk by mFR and
72% classified as intermediate risk were classified as high 5-
year risk for ACS by CADPA, indicating traditional global risk
assessment misclassifies many patients who are actually at
high risk for ACS. Additionally, this study identified 10 patient
factors that were most predictive of discordance.

Many biomarkers and risk factors have been identified
over the years to provide accurate risk prediction.® The
Pooled Cohort Risk Calculator also uses global risk factors,
but often overestimates risk, especially in healthy popula-
tions.® These tools fail to identify many at discordantly
high risk for ACS.

Previous studies have investigated single biomarkers for risk
assessment, such as lipoprotein-associated phospholipase A2,
although prospective studies have questioned their individual
role in the pathogenesis of atherosclerosis.'”'' High-sensitivity
C-reactive protein has also been a biomarker of interest,'” but
intraindividual and ethnic'* variability limits the ability of this
single biomarker to consistently predict atherosclerosis.'” The
recent CANTOS study showed a significantly lower rate cardio-
vascular events by targeting interleukin-14,'® which affects sev-
eral inflammatory markers, but using a single biomarker to
predict risk has been challenging.

Individual biomarkers unlikely address processes that
include multiple pathways in the formation of these unsta-
ble cardiac lesions.”” Single biomarkers to predict coronary
heart disease at best provide marginal improvement risk
reclassification.'”'® Multiple biomarker studies have been
limited by only modest improvement in risk prediction'® or
in limited patient populations.’

Examining discordance in cardiovascular risk using bio-
markers has primarily focused on comparing cholesterol
with other lipid markers such as apolipoprotein B and low-
density lipoprotein particle number,”’ ** but evaluation
with the combination of clinical risk factors and a validated
combination of cardiac biomarkers has not been, to our
knowledge, studied to date.

CADPA measures endothelial injury and multiple
inflammatory and repair pathways from serum biomarkers
(hepatocyte growth factor, soluble FAS, Fas Ligand,
eotaxin, cutaneous T cell-attracting chemokine, monocyte
chemotactic protein-3, interleukin-16, hemoglobin Alec,
and high-density lipoprotein-cholesterol) and global risk
factors (age, gender, diabetes, and family history) to predict
5-year risk of ACS. CADPA has excellent risk-reclassifica-
tion for coronary events, with a clinical net reclassification
index of 42% (p <0.01) in MESA patients compared with
mFR. A high-risk CADPA score previously identified 61%
of ACS patients.”

In our cohort of 2,362 patients, men were more likely
to have discordant risk: 64% of the discordant population
was male and more men in both low and intermediate
mFR risk were classified as high risk than women.
Nearly all measured parameters differed between the
discordant and nondiscordant patient groups except for
lipid-lowering medication and smoking status. However,
only 5% of patients were smokers in this population,
requiring a significantly increased power to observe a dif-
ference between the discordant and nondiscordant
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groups, and our patient population underestimated the
national average smoking rate of 15.1% of all adults.”*

We identified 10 variables that predict discordance,
including 8 CADPA variables, suggesting that CADPA bio-
markers capture most of the risk reclassification. This may
be inherently because many of the biomarkers in CADPA
measure the inflammatory and repair processes known to
be critical in the pathophysiology of the disease. Interleu-
kin-16, our greatest predictor of discordance, is a well-
described immune cell chemoattractant for repair and
proinflammatory processes like atherosclerotic cardiovas-
cular disease. Fas Ligand and soluble FAS, involved in apo-
ptosis and antiapoptosis pathways, respectively, and
hepatocyte growth factor, involved in tissue remodeling,
were also in the strongest predictors of discordance. Biop-
sies of unstable atherosclerotic coronary plaque have shown
recruitment of immune cells such as T-cells, eosinophils,
and macrophages.’ Indeed, immune cell recruitment bio-
markers like cutaneous T cell-attracting chemokine and
eotaxin also predicted discordance. This suggests that
CADPA is more accurately identifying high-risk patients
through quantifying the activation of underlying pathophys-
iologic pathways involved in the formation of unstable cor-
onary plaque.

Our study has several limitations. First, this was a cross-
sectional study. A prospective study ideally focused on iden-
tifying those at risk of near-term ACS events would allow us
to establish a temporal and causative relation between
CADPA risk and cardiovascular events. This is partly miti-
gated by CADPA which was developed from 4 longitudinal
patient cohorts predicting ACS in a 5-year timeframe
(ADVANCE, Orentreich, PMRP-Marshfield, and MESA).
Second, our analysis only used 38% of patients from our
original cohort due to missing or implausible measures, and
we did show some differences from those subjects not
included, potentially limiting the generalizability of our
results. Third, we did not have information on ethnicity to
examine whether our results may differ by ethnicity. Fourth,
the CADPA test measures 5-year risk of ACS and is com-
pared with a modified Framingham measuring 5-year risk of
cardiovascular disease; thus we did not directly compare
equivalent end points. Last, we only compared CADPA with
mFR and not other risk assessment tools such as the Pooled
Cohort Risk Calculator, although CADPA outperforms Rey-
nolds and a number of other risk models.”

In summary, this study characterizes a population at high
risk for future acute coronary syndrome events based on the
CADPA score, who are currently being classified as low or
intermediate risk by global risk assessment. We also iden-
tify several key measures predicting this discordance.
Although compelling, this current, real-world study will
benefit from validation in larger, population-representative
prospective studies to establish a temporal and causal rela-
tion between CADPA and cardiovascular disease events.
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